
FOURIER TRANSFORM INFRARED STUDIES OF COAL STRUCTURE 

P a u l  C.  P a i n t e r  

The Pennsylvania  S t a t e  U n i v e r s i t y ,  Polymer S c i e n c e  S e c t i o n ,  
325 S t e i d l e  B u i l d i n g ,  U n i v e r s i t y  Park ,  PA 16802 

I n  t h e  1950's and 1960 's  i n f r a r e d  spec t roscopy was a wide ly  used a n a l y t i c a l  t o o l  
f o r  c h a r a c t e r i z i n g  t h e  s t r u c t u r e  of  c o a l .  I t  w a s  recognized  t h a t  t h e  i n f r a r e d  
spectrum c o n t a i n e d  i n f o r m a t i o n  concern ing  a l i p h a t i c  and aromat ic  hydrogen, hydroxyl 
groups  and c a r b o n y l s ,  t o  ment ion t h o s e  f u n c t i o n a l  groups  whose bands are most 
e a s i l y  ass igned  and measured. U n f o r t u n a t e l y ,  q u a n t i t a t i v e  measurements were 
complicated f i r s t  by t h e  o v e r l a p  of  t h e  broad bands c h a r a c t e r i s t i c  of a mul t i -  
component macromolecular system, and second by t h e  q u e s t i o n s  concern ing  measurements 
of  e x t i n c t i o n  c o e f f i c i e n t s .  These a r e  e l u s i v e  parameters  r e l a t i n g  t h e  i n t e n s i t i e s  
of s p e c i f i c  bands t o  t h e  c o n c e n t r a t i o n  of  t h e  cor responding  f u n c t i o n a l  groups.  
P a r t l y  because of t h e s e  d i f f i c u l t i e s  t h e  u s e  of  i n f r a r e d  spec t roscopy was i n  
d e c l i n e  by t h e  e a r l y  1970 's  and o t h e r  techniques  ( e . g . ,  NMR) came t o  t h e  f o r e .  

T h i s  g e n e r a l  d e c l i n e  i n  t h e  u s e  o f  i n f r a r e d  spec t roscopy has  r e c e n t l y  been reversed  
w i t h  t h e  i n t r o d u c t i o n  of F o u r i e r  t ransform i n s t r u m e n t s .  Although t h e s e  ins t ruments  
have v a r i o u s  o p t i c a l  advantages  o v e r  d i s p e r s i v e  s p e c t r o m e t e r s ,  t h e  most s i g n i f i c a n t  
advances have occured through t h e  u s e  of t h e  d e d i c a t e d  on-l ine minicomputer  t h a t  i s  
a n  i n t e g r a l  p a r t  of t h e  system. Programs capable  of a range  of manipula t ions ,  such 
as s p e c t r a l  s u b t r a c t i o n ,  b a s e l i n e  s t r a i g h t e n i n g ,  curve  r e s o l v i n g  and f a c t o r  a n a l y s i s  
can  now be r o u t i n e l y  a p p l i e d .  N a t u r a l l y ,  t h i s  t y p e  of a n a l y s i s  is not  unique t o  
FT-IR and many programs and t e c h n i q u e s  t h a t  a r e  a p p l i c a b l e  t o  c o a l  s t u d i e s  were 
developed i n  t h e  1960's f o r  u s e  w i t h  ( o f t e n  l a b o r i o u s l y  o b t a i n e d )  d i g i t i z e d  d a t a .  
These methods can now be r o u t i n e l y  and e a s i l y  a p p l i e d .  However, t h i s  i n  i t s e l f  
produces problems, s i n c e  t h e  u n c r i t i c a l  a p p l i c a t i o n  of complex programs can  r e s u l t  
i n  s e r i o u s  e r r o r .  Judgement is s t i l l  r e q u i r e d  of t h e  s p e c t r o s c o p i s t  and i n f r a r e d  
spec t roscopy remains something of  a n  a r t .  

I n  t h i s  p r e s e n t a t i o n  t h e  problems a s s o c i a t e d  w i t h  a p p l y i n g  computer methods w i l l  be 
cons idered ,  w i t h  p a r t i c u l a r  r e f e r e n c e  t o  t h e  d e t e r m i n a t i o n  of hydrogen c o n t a i n i n g  
f u n c t i o n a l  groups .  The d i f f i c u l t i e s  a s s o c i a t e d  w i t h  t h e  de te rmina t ion  of e x t i n c t i o n  
c o e f f i c i e n t s  s t i l l  remain and t h e  methods now be ing  used,  model compounds, equat ing  
a p p r o p r i a t e  bands t o  measurements of  e l e m e n t a l  hydrogen, and c a l i b r a t i o n  us ing  
s o l u b l e  e x t r a c t s  and p r o t o n  magnet ic  resonance ,  were i n  f a c t  f i r s t  developed i n  t h e  
1960's .  Values o b t a i n e d  u s i n g  t h e  d a t a  handl ing  c a p a b i l i t i e s  of FT-IR i n s t r u m e n t s  
w i l l  b e  cons idered  and compared t o  p r e v i o u s l y  r e p o r t e d  r e s u l t s .  These parameters  
have been a p p l i e d  t o  a s e t  of  v i t r i n i t e  conce r a t e s  and t h e  d e t e r m i n a t i o n  of 
s t r u c t u r a l  parameters  by combining FT-IR and "C NMR measurements w i l l  b e  cons idered .  


